OBJECTIVE: To assess the relationships between diet, body composition, physical activity, parents' obesity and adiposity in children at the age of 8 y and four years later. STUDY DESIGN: Prospective observational study of anthropometric measures initiated in 1992, follow-up examination in 1996. METHODS: 112 prepubertal (age: 8.6 AE 1.0 y) children were studied. Energy and nutrient intakes were assessed by diet history, body composition by anthropometry and physical activity, by a questionnaire. Obesity was de®ned as relative body mass index (BMI) (rel BMI) b 120%, where rel BMI (BMIaBMI at 50th centile for age and gender)Â100. RESULTS: Prevalence of obesity was not statistically different at baseline (22.3%) than four years later (19.8%): rel BMI at the age of 8 y was positively self-related with rel BMI at the age of 12 y (r 0.73, P`0.001). After four years, eight (32%) obese children became non obese and ®ve (6%) non obese children became obese. Multiple regression analysis (stepwise procedure) revealed that, in the ®nal equation, the mother's BMI and TV viewing (independent variables) accounted for 17% of the children's rel BMI variance at the age of 8 y (R 0.42, P`0.001) while the parents' BMIs accounted for 13.5% of the children's rel BMI variance at the age of 12 y (R 0.37, P`0.001). Other variables such as total energy intake, nutrient intake percentage and amount of physical activity, were all rejected. An autoregressive unbalanced measures model regression analysis recognised the mother's and father's BMIs as the only variables able to predict rel BMI in the children (mother's BMI coeff. 2.53 (s.e.m. 0.26), P`0.0001; father's BMI coeff. 2.07 (s.e.m. 0.23), P`0.0001). A multivariate logistic regression analysis was also performed. The children who participated in the follow-up, were divided into two groups based on the positive or negative change in the rel BMI between ®nal and baseline measurements. Of all the variables considered, only rel BMI at baseline was selected in the ®nal equation. Other variables such as age, gender, energy and nutrient intake, TV viewing and amount of physical activity, as well as the parents' BMI, were all removed. CONCLUSIONS: The parents' obesity was the main risk factor for obesity in this group of children. Sedentary behaviour (TV viewing) was independently associated with overweight at the age of 8 y. Physical activity and energy and nutrient intakes did not signi®cantly affect the change in rel BMI over the four-year period when the parents' obesity was taken into account.
Introduction
The prevalence of childhood obesity is high in industrialised countries and is increasing. 1, 2 In Italy, approximately 14% of children aged 4±12 y are obese. 3 Several factors have been suggested as favouring extra-fat gain in children. Environmental factors in the presence of a genetic predisposition, lead to fat gain through an increase in food intake and a reduction in physical activity or both. 4, 5 Unfortunately, no data regarding longitudinal research on energy balance in free-living conditions and obesity development, are available for children. The high cost in time (for both investigators and participants) and money for this kind of research is a frequent hindrance to the development of knowledge in this ®eld. 6 Although less informative, some data are available on the food intake and physical activity of obese children, but very few on the developing phase of fat gain in children. 7 ± 9 The cross-sectional design of these studies does not allow us to draw cause-and-effect conclusions. This is mainly because food intake and sedentary behaviour might be both causal and consequential factors of obesity in these children. A study performed on a group of children aged 4 y, to assess the role that food intake plays in extra-fat gain, pointed out the relevant in¯uence of diet composition (in particular the fat content) as a risk factor for obesity. 6 Another study did not ®nd this association. 10 Other evidence supports the hypothesis of an inverse association between the level of physical activity and a change in body fatness; less active children or adolescents showed a higher risk of gaining subcutaneous fat than more active ones. 11, 12 Differences in nutritional and behavioural habits among countries are common and they may partly explain the differences in the prevalence of obesity which have been reported in epidemiological studies. 1 ± 3 An evaluation of the in¯uence of different risk factors on extra-fat gain in different countries may be of interest. No longitudinal studies assessing the relationships between food intake, physical activity, parents' obesity and overweight in children have been carried out on the Italian population. Therefore, the present study was undertaken to investigate the relationships between diet, physical activity level, parents' obesity at baseline and subsequent fat gain in a group of prepubertal Italian children over a fouryear period.
Subjects and methods

Subjects
We studied 298 prepubertal Caucasian children (148 male, 150 female) aged 8.7 AE 1.1 y. The children were recruited through questionnaires distributed to teachers in primary schools; private and public schools were proportionally represented. On agreeing to participate in the study, the children and their parents were invited to come to the medical room at their child's school to meet the research team. After an initial brie®ng, the child and herahis parents had a diet history interview with the dietitian, who ®lled out a questionnaire on the socio-economic status of the family and the physical activity level of the child. Weight and height of the parents were also recorded. Height, weight and skin-fold thickness measurements of the children were obtained by a pediatrician. The beam scale and stadiometer used were re-calibrated each time before starting measurements. A physical examination was also performed to reasonably exclude any health problems other than obesity. Complete data were obtained from all the children and their parents at baseline.
Four years later, each of the families was invited by letter for a second visit to the project laboratory at the hospital, where height and weight measurements were taken by the pediatrician for each child. Families that did not reply to the letter were contacted by telephone. We were not able to contact 67 families because they had changed address and telephone number. Eightyeight families refused to participate in the follow-up. The reason usually reported by the parents was the simultaneous participation in other prevention screening programs. Thirty-one families con®rmed their participation, but were not able to come to the project laboratory. The data on 112 children who participated in the follow-up are available. The comparison between baseline physical characteristics and energy and nutrient intake of the children who participated in the follow up, and those of the children who did not, showed no signi®cant differences (Table 1) . Puberty development was clinically assessed on the basis of Tanner Stages. 13 Since body mass index (BMI) has a reasonable level of accuracy for epidemiological studies, as an index of fatness (although it is not a direct measure of fatness) 14 obesity was de®ned as relative BMI (rel BMI) b 120%, where rel BMI (BMIaBMI at 50th centile for age and gender)Â100. The BMI tables of Rolland-Cachera Á et al 14 were used as reference. At baseline, 74 (24.8%) children were obese: 31 (21%) male; 43 (28%) female. At follow-up, 22 children were obese: 10 (18.5%) male, 12 (21%) female.
The protocol was in accordance with the Helsinki Declaration of 1975 as revised in 1983.
Physical characteristics
Weight and height were measured by the same two investigators. Height was measured to the nearest 0.5 cm on a standardised height board. Weight was determined to the nearest 0.1 kg on a standard physician's beam scale, with the child dressed only in light underwear, without shoes. The standardised height board and beam scale were calibrated each day before the ®rst measurement. The BMI was calculated as weight (kg) divided by height squared (m 2 ).
Diet history
Usual weekly meal and snack intakes were obtained through an interview with the mothers and children, as previously described. 15 Brie¯y, information regarding portion size, food preparation and place of consumption was also included. Together with the family, a dietitian performed a careful check of foods and portions consumed that had not been mentioned. As an aid to determine the amount of food consumed, In¯uences on children's adiposity C Maffeis et al pictures of different food items were presented and cups, glasses, spoons and food shapes of different portion sizes were used. Food intake at school was assessed by reviewing a typical week's menu with the children and asking them to indicate which and how much of these meals they usually ate. Meals, snacks, portion size and frequency of eating were recorded on a standard form. Energy and macronutrient intake were calculated from the tables of food composition established by the Italian Society of Human Nutrition, 16 with the use of a computerised database and analysis program (Dietosystem, Milan, Italy). All interviews were conducted by four trained dietitians.
Activity questionnaire
The child's physical activity level was assessed by means of a questionnaire ®lled out by the parents together with the pediatrician. Information regarding amount of sleep, sport and programmed exercise performed in a week, time spent daily watching TV, time spent daily at school, and the kind and duration of games usually played, was obtained. TV viewing time (minad) was used as an index of inactivity and time spent performing extra-curricular physical exercise or vigorous play (minad) was used as an index of activity.
Statistical analysis
The results are expressed as mean and standard deviation (s.d.). Preliminary analyses investigated whether differences due to attrition were signi®cant for baseline variables. A paired t test or, whenever appropriate, the non-parametric Wilcoxon test was used to compare anthropometric data and dietary variables of the children at baseline and four years later, and between the obese and non-obese children. The Bonferroni correction for multiple tests was applied in all cases.
Three different types of multivariate analyses were also performed: 1) The degree of association between variables was quanti®ed by using multiple regression analyses, which were run with and without adjustment for variables (age, gender, energy intake, percent of energy intake as fat, percent of energy intake as protein, percent of energy as carbohydrate, parents' BMI, TV viewing time and time spent on vigorous activity) that might potentially affect rel BMI, both at baseline and at follow-up; 2) Analysis at point`1' used rel BMI at age 8 y and at age 12 y that were highly correlated, in separate analyses. To take rel BMI at the age of 8 y and rel BMI at the age of 12 y simultaneously into account, in the statistical analysis as dependent variables, we ran an autoregressive unbalanced repeated measures model, 17, 18 where rel BMI values at baseline and at follow-up were regarded as dependent variables, and other variables were considered as covariates (age, gender, parents' BMI, energy and nutrient intake, TV viewing time and time spent on vigorous activity). No problems of multicolinearity were encountered using tolerance checks. An analysis of residues showed that the statistical model we used ®ts our data adequately. 3) A further analysis was performed to assess the prediction level of the variables measured at baseline on the variation of rel BMI at follow-up. The total sample of children who participated in the follow-up was divided into two groups, depending on the positive (n 57) or negative (n 55) variation of the rel BMI between ®nal and baseline measurements. For this analysis and for the Odds Ratio (OR) estimates, we did the multivariate logistic regression analysis with backward stepping of variables and evaluation of the model using three goodness-of-®t chi-square statistics. Preassigned P values equal to 0.05 controlled the stepping removal. 4) Finally, we ran another multiple regression analysis using the changes in rel BMI expressed as departures from the average change over the four years as a dependent variable. We calculated D rel BMI as the difference between rel BMI at follow-up and rel BMI at baseline. As a second step, we obtained the mean (X) AE s.d. of D rel BMI for the total sample. Departures from the average change of rel BMI over four years was calculated using this formula:
This variable had normal distribution and was considered as the dependent variable in the multiple regression analysis, using age, gender, energy intake, percent of energy intake as fat, percent of energy intake as protein, percent of energy as carbohydrate, parents' BMI, TV viewing time and time spent on vigorous activity as covariates. The BMDP (BMDP Inc., Los Angeles CA) and SPSS (SPSS Inc., Chicago, IL) statistical programs were used.
Results
Cross-sectional analyses at baseline
Univariate analysis. As a preliminary step, we compared the two groups of children: Group A (children who participated in the follow-up) and Group B (children who did not participate in the follow-up) ( Table 1) . No signi®cant differences regarding age, gender, puberty stage, rel BMI, energy intake and diet composition, and parents' BMI at baseline were found. The prevalence of obesity in the total sample was 24.8% (21.0% for males and 28.7% for females). The BMIs of the obese children's mothers were signi®cantly higher than those of the non-obese children's mothers (24.3AE 3.4 vs 21.7AE 3.0, P`0.001), whereas the fathers' BMIs were not signi®cantly different in the two groups of children (25.8AE 2.6 vs 25.2AE 3.1, P not statistically signi®cant (NS)). The parents' BMIs were signi®cantly interrelated (r 0.21, P`0.001). As expected, girls had signi®cantly higher adiposity than boys (FM% 19.1AE 5.2 vs 15.8AE 4.7, P`0.001).
In¯uences on children's adiposity C Maffeis et al Energy intake and macronutrient intake (expressed as a per cent of total energy intake) of the children who did and did not participate in the follow up, are shown in Table 2 Obese children spent more time watching TV than non obese children (96AE 24 vs 79 AE 27 minad, P`0.05) and less time performing vigorous play and physical exercise (extra-curricular programmed exercise) (176 AE 66 vs 199 AE 52 minaweek, P`0.05). Rel BMI was correlated to TV viewing time (r 0.27, P`0.001) and inversely correlated to time spent on vigorous activity (r 70.19, P`0.05).
Multivariate analysis. Multiple regression analysis revealed that, in the ®nal equation, the mother's BMI and TV viewing (independent variables) accounted for 17% of the children's rel BMI variance at the age of 8 y (R 0.42, P`0.001) ( Table 3 ). Other independent variables such as the father's BMI, total nutrient and energy intake, and amount of physical exercise per week, were all rejected. rel BMI relative body mass index; 95% c.l. 95% con®dence limits; P probability; OR odds ratio. rel BMI relative body mass index; 95% c.l. 95% con®dence limits; P probability; OR odds ratio.
In¯uences on children's adiposity C Maffeis et al
Longitudinal analyses
Univariate analysis. Age, gender, physical characteristics and pubertal stage of the children measured at recruitment and at follow-up are shown in Table 4 . In the group of children who participated in the followup, rel BMI at the age of 12 y was not statistically different than rel BMI at the age of 8 y (Table 5) . Rel BMI at baseline and at follow-up were signi®cantly self-related (r 0.73, P`0.001). Eight (three male and ®ve female) of the twenty-®ve children who were obese at baseline were no longer obese at follow-up, whereas ®ve (two male and three female) non-obese children at baseline were obese at follow-up.
Multivariate analysis. 1. Multiple regression analysis revealed that, in the ®nal equation, the mother's and father's BMIs were the only independent variables that accounted for 13.5% of the children's rel BMI variance at the age of 12 y (R 0.37, P`0.001) ( Table 3) . Other independent variables such as total energy intake, nutrient intake percentage, TV viewing and amount of physical activity were all rejected.
2. An autoregressive unbalanced measures model analysis, where each of the independent variables was included in the analysis, recognised the mother's and father's BMIs as the only variables able to predict rel BMI in their children. Mother's BMI coeff. 2.53 (s.e.m. 0.26), P`0.0001; father's BMI coeff. 2.07 (s.e.m. 0.23), P`0.0001.
3. A multivariate logistic regression analysis was performed on two groups of children, selected on the basis of a positive or negative change of their rel BMI between ®nal and baseline measurements. Rel BMI at baseline was the only independent variable in the ®nal equation (Table 3) . Other variables such as age, gender, energy and nutrient intake, TV viewing and amount of physical activity, as well as the parents' BMI were all rejected.
4. The multiple regression analysis using the changes in rel BMI, expressed as departures from the average change over the four years as the dependent variable, and age, gender, energy intake, percentage of energy intake as fat, percentage of energy intake as protein, percentage of energy as carbohydrate, parents' BMI, TV viewing time and time spent on vigorous activity as independent variables, did not show any signi®cant relationships (F 1.1, P b 0.37).
Discussion
In spite of the different statistical methods used, the results of this study show that parents' obesity was the most powerful predictor of child obesity at the age of 8 y, as well as at the age of 12 y in both males and females. These ®ndings are consistent with the results of previous studies 4,19 ± 22 where the familial risk of overweight was identi®ed as an independent In¯uences on children's adiposity C Maffeis et al risk factor for extra-fat gain. When a longitudinal analysis of the rel BMI change over four years was performed, the relationship with the parents' BMI disappeared. This suggests that the effect of parental obesity on the risk of rel BMI change was constant over the four year interval. The separate effects of genetic and environmental factors related to parental obesity, cannot be identi®ed by the results of this study. However, excluding genetics, which should express the greater part of its effects before the age of 8 y, 4 sharing the same familial environment exposes one to obesity risk factors, which should be relatively constant over time. Parents provide genetic predisposition and the environment is where predisposition may manifest itself. For instance, eating habits in families with obese parents may be quite different from families with non obese parents. 23 Childhood obesity tends to persist into adulthood; in particular approximately 40% of obese children are still obese as adults. 24 In our sample of Italian children, rel BMI at baseline is correlated to rel BMI at follow-up (r 0.73, P`0.0001). Moreover, logistic regression analysis showed than rel BMI at baseline is a signi®cant risk factor for rel BMI change over time, especially because 68% (17a25) of obese children at the age of 8 y tend to still be overweight at the age of 12 y, whereas 5.7% (5a87) of non obese children became obese in four years. The role of childhood obesity as a predictor of adult obesity, especially if the parents are obese, has recently been supported by further evidence resulting from a study performed on a larger sample of subjects in the USA. 19 Sedentary behaviour, which promotes a reduction in energy requirements, favours the development and persistence of obesity. 11, 12 The impact of sedentary behaviour is so strong that Epstein et al 25 identi®ed the reduction of sedentary activity as one of the three most important targets in the treatment of childhood obesity, together with diet and behavioural modi®ca-tions. Several studies have shown that sedentary behaviour is associated with overweight in both adults and children 26, 27 and it has also been recognised as a risk factor for extra-fat gain in two longitudinal studies performed on children.
11,12 TV viewing time, which is an index of inactivity, has often been associated with childhood obesity. 28 The results of this study showed an independent relationship between inactivity (TV viewing) and rel BMI in Italian children aged 8 y. However, TV viewing did not have an additional effect on rel BMI change after the parents' BMI was taken into account for the statistical analysis.
Diet composition, particularly fat intake, is associated with obesity. 7, 8, 23, 29, 30 From the results of our study, nutrient and energy intake did not contribute to explaining the variance of rel BMI of the 8-year-old children when the mother's BMI and TV viewing time were taken into account in the multiple regression analysis. Moreover, diet composition and energy intake did not affect the change of rel BMI over time after the parents' BMIs were taken into account. Underreporting of food intake might contribute to explaining this ®nding. Voluntary or involuntary underreporting has been previously demonstrated in obese children as well as in their mothers. 15, 31, 32 Therefore, it is possible that the diet histories collected by the dietitian from the mothers with weight problems are less exact than those collected from lean mothers. 15 From the results of the present study, it is not possible to know if the potential underreporting could be concentrated on a particular nutrient or not. The lack of an independent association between fat intake and rel BMI does not exclude the hypothesis that sensitivity to fat consumed in food may be different in children predisposed to obesity than in children who are not. 23 In particular, if fat taken in the diet is kept constant, a lower fat oxidation induced by lower muscular activity (which promotes oxidation of a considerable amount of fat) may promote fat gain.
Another factor which may contribute to explaining the lack of relationship between rel BMI gain and energy and nutrient intake is the effect of puberty. In the age interval 8±12 y, pubertal growth acceleration starts with hormonal and physical modi®cations in both genders. In girls, puberty is characterised by a larger fat deposition than in boys who, on the contrary, show a greater skeletal-muscle mass development. 33 In other words, during puberty, girls tend to become physiologically fatter and boys leaner. Accelerated growth could potentially contribute to compensating energy and fat intake, and favour energy and fat balance, as suggested by the fact that 32% of the eight-year-old obese children became lean (rel BMI`120%) at the age of 12 y. It is also possible that, at the end of puberty, if diet composition is kept constant, extra fat re-gain occurs in both males and females.
Conclusion
Parents' obesity is the most important risk factor for obesity in children. The effect of energy and nutrient intake is secondary to parents' obesity and the child's inactivity. TV viewing, which is an index of sedentary behaviour, has been con®rmed as a risk factor for obesity in eight-year-old children. Nevertheless, the effect of the amount of physical activity (and inactivity) at the age of 8 y is not an additional effect to that of parents' obesity on rel BMI change during growth. Further prospective studies, where energy expenditure and energy intake are simultaneously assessed in children, may contribute to clarifying this issue. invaluable collaboration. A special thanks to all the teachers of the schools that participated in the study. We are also indebted to WH Dietz, who made a critical review of the manuscript, giving helpful suggestions and comments.
